A 71-year-old woman with hypertension, hypercholesterolemia, and ischemic heart disease, who had a cardiac stent placed 4 months earlier, presents to the emergency department with multiple episodes of red or maroon-colored stool mixed with clots during the preceding 24 hours. Current medications include atenolol, atorvastatin, aspirin (81 mg daily), and clopidogrel. On physical examination, the patient is diaphoretic. While she is in a supine position, the heart rate is 91 beats per minute and the blood pressure is 106/61 mm Hg; while she is sitting, the heart rate is 107 beats per minute and the blood pressure is 92/52 mm Hg. The remainder of the examination is unremarkable, except for maroon-colored stool on digital rectal examination. The hemoglobin level is 9.3 g per deciliter, the platelet count 235,000 per cubic millimeter, and the international normalized ratio 1.1. How should this patient's case be further evaluated and managed?
I
n the United States, gastrointestinal bleeding is the most common cause of hospitalization due to gastrointestinal disease; approximately 30 to 40% of all cases of gastrointestinal bleeding are from a lower gastrointestinal source. 1 In most patients with acute lower gastrointestinal bleeding, the bleeding stops without intervention, and there are no complications. However, advanced age and clinically significant coexisting illnesses are associated with increased morbidity and mortality. 2 Classically, acute lower gastrointestinal bleeding manifests as hematochezia (maroon or red blood passed through the rectum). Uncommonly, lower gastrointestinal bleeding can manifest as melena (black, tarry stools), or, conversely, brisk (rapid) upper gastrointestinal bleeding can manifest as hematochezia. Previously, lower gastrointestinal bleeding was defined as bleeding originating distal to the ligament of Treitz. However, owing to the distinct nature of small-intestinal bleeding (defined as bleeding originating between the ligament of Treitz and the ileocecal valve and now referred to as middle gastrointestinal bleeding), acute lower gastrointestinal bleeding is defined as the onset of hematochezia originating from either the colon or the rectum. 3, 4 This review focuses on the management of brisk, large-volume colorectal bleeding.
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S tr ategies a nd E v idence

Initial Patient Assessment
A directed history taking, physical examination, and laboratory evaluation should be performed at the time of patient presentation. Patient assessment and hemodynamic resuscitation should be performed simultaneously. 3, 4 Patients should be asked about the color, amount, frequency, and duration of bleeding and about any symptoms that may suggest a specific source of lower gastrointestinal bleeding. For example, abdominal pain with diarrhea may suggest inflammatory, ischemic, or infectious-type colitis, whereas altered bowel habits, iron-deficiency anemia, or unexplained weight loss may suggest colorectal cancer. Patients should also be questioned about any upper gastrointestinal symptoms, previous events of gastrointestinal bleeding, abdominal or vascular surgeries, peptic ulcer disease, inflammatory bowel disease, or abdominal-pelvic radiation therapy. Coexisting cardiopulmonary, renal, or hepatic conditions also require attention, because they are associated with an increased risk of poor outcome and may influence management. 5 Medications that could affect bleeding risk, such as nonsteroidal antiinflammatory drugs, antiplatelet agents, and anticoagulants, should be noted. Important components of the physical examination include vital signs (including postural changes), a cardiopulmonary examination, and abdominal and digital rectal examinations. Anoscopy can be useful in patients with suspected hemorrhoidal bleeding (≤20% of cases of acute lower gastrointestinal bleeding). However, if stigmata of recent hemorrhage are not clearly identified, endoscopic workup should be pursued. A complete blood count, coagulation studies, and blood typing and screening are recommended as initial laboratory tests. Levels of serum creatinine and blood urea nitrogen may also be helpful; an elevated ratio of blood urea nitrogen to creatinine (>30:1) suggests an upper gastrointestinal source of bleeding. 6 Risk factors for adverse outcomes (recurrent bleeding, need for intervention, or death) in patients presenting with presumed acute lower gastrointestinal bleeding include hypotension, tachycardia, ongoing hematochezia, an age of more than 60 years, a creatinine level of more than 1.7 mg per deciliter, and unstable or clinically significant coexisting conditions. 7 In general, the likelihood of an adverse outcome increases with the number of risk factors present. 5, 7 However, risk-factor models based on these predictors are less well studied than models for upper gastrointestinal bleeding, were not developed to identify patients appropriate for outpatient management, and show only a limited ability to predict which patients will have poor outcomes and which will not have poor outcomes (area under the receiver-operating-characteristic curve, T h e ne w e ngl a nd jou r na l o f m e dicine 0.72 to 0.79). 5, [7] [8] [9] [10] [11] [12] (For more on risk-factor models, see Table S1 in the Supplementary Appendix, available with the full text of this article at NEJM.org.)
Initial Management
Intravenous fluid resuscitation with crystalloids should be started on presentation. 3, 4, 13 A recent guideline for the management of acute lower gastrointestinal bleeding recommends a bloodtransfusion approach that minimizes the administration of blood -similar to guideline recommendations for upper gastrointestinal bleeding. 4, 14 Although randomized trials of transfusion thresholds have not included patients with lower gastrointestinal bleeding, these recommendations for the management of acute lower gastrointestinal bleeding are based on a large, randomized trial and a meta-analysis involving patients with acute upper gastrointestinal bleeding that showed both a decreased risk of rebleeding and a mortality benefit. 15, 16 The guidelines recommend transfusion of packed red cells to maintain a hemoglobin level of more than 7 g per deciliter in most patients, with consideration of a transfusion threshold of 9 g per deciliter in patients with clinically significant coexisting illness (especially ischemic cardiovascular disease) or in the context of delayed therapeutic intervention.
Initial Diagnostic Evaluation
Endoscopy
Colonoscopy is the initial procedure for nearly all patients presenting with acute lower gastrointestinal bleeding because it serves diagnostic and potentially therapeutic purposes. 3, 4 Causes of acute lower gastrointestinal bleeding in adults are listed in Table 1 . However, hematochezia in the context of hemodynamic instability (tachycardia and hypotension) may represent a brisk upper gastrointestinal bleeding event; therefore, upper endoscopy must also be considered in such patients and can be performed immediately before colonoscopy. 3, 4 Colonoscopy should generally be performed within 24 hours after patient presentation, after hemodynamic resuscitation and adequate colon cleansing. 4 Observational studies have shown a higher frequency of definitive diagnoses and a shorter length of stay among patients with lower gastrointestinal bleeding undergoing early colonoscopy (within 12 to 24 hours after presentation) than among those undergoing colonoscopy at a later time, [18] [19] [20] although two small, randomized trials comparing early with later colonoscopy did not show significant differences in length of stay or in rates of rebleeding or surgery. 21, 22 Adequate preparation of the colon is important for endoscopic visualization, diagnosis, and treatment; preparation includes at least 4 liters of a polyethylene glycol solution or the equivalent, administered over a period of approximately 4 hours. 3, 4 Colonoscopy or sigmoidoscopy without preparation should generally be avoided but can be considered in selected cases (e.g., suspected bleeding from the distal left colon), with careful cleaning and inspection of the colon during the procedure. 4, 23 In patients with ongoing bleeding who cannot consume the preparation solution, the short-term placement of a nasogastric tube can be considered as long as the risk of aspiration is low. Patients should be without solid food for at least 8 hours before colonoscopy; clear fluids, including the colonoscopy preparation, are permitted up to 2 hours before colonoscopy. Noninvasive diagnostic imaging methods (e.g., multidetector computed tomographic [CT] angiography and radionuclide technetium-99m-labeled red-cell scintigraphy) may be performed before colonoscopy in patients with ongoing brisk bleeding and hemodynamic instability despite resuscitation efforts or in patients in whom colonoscopy was nondiagnostic or endoscopic hemostasis unsuccessful. 4, 24 Although technetium99m-labeled red-cell scintigraphy can detect bleeding rates as low as 0.1 ml per minute, its usefulness in acute lower gastrointestinal bleeding is debated. A retrospective study suggested that performance of scintigraphy before angiography was associated with a higher diagnostic yield of angiography than angiography without scintigraphy and may allow more selective contrast injection. 25 Other studies, however, have not confirmed these findings and have suggested greater usefulness of multidetector CT angiography. 26 Multidetector CT angiography has a bleeding detection rate threshold (0.3 ml per minute) similar to that of scintigraphy, is highly accurate at localizing the site of bleeding (nearly 100%), and can be used immediately before angiography to guide selective or superselective contrast injection and therapy during angiography. 24, 27 Its primary drawback is the need for intravenous contrast material, with an associated risk of nephrotoxic effects, primarily in patients with preexisting renal insufficiency. 24, 27 If scintigraphy or multidetector CT angiography is positive for bleeding, angiography should be performed as soon as possible to determine the precise location of bleeding and then deliver angiographic therapy, because active lower gastrointestinal bleeding is intermittent in nature (Fig. 1) . 24 
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Therapies
Endoscopic Therapy
Endoscopic hemostasis methods for acute lower gastrointestinal bleeding include injection (usually diluted epinephrine), contact and noncontact thermal devices (bipolar electrocoagulation, heater probe, and argon plasma coagulation), and mechanical therapies (endoscopic clips and band ligation). 3, 4 Diluted epinephrine injection (1:10,000 to 1:20,000 dilution) facilitates primary hemostasis of active bleeding but should be used in combination with a second method (e.g., mechanical or contact thermal therapy) to achieve definitive hemostasis. 3, 4 Randomized trials are lacking to assess the effects of endoscopic hemostasis for acute lower gastrointestinal bleeding. The choice of hemostasis method is generally guided by the cause and location of bleeding, the ability to access the site, and operator experience.
Diverticulosis, angioectasias, and postpolypectomy bleeding are the sources of lower gastrointestinal bleeding that are most likely to benefit from endoscopic hemostasis. 3, 4 Evidence of the efficacy and safety of endoscopic hemostasis in lower gastrointestinal bleeding is derived largely from observational studies and case series of diverticular hemorrhage. [17] [18] [19] 28 A comprehensive review showed successful endoscopic hemostasis in 92% of patients, early rebleeding in 8%, and late rebleeding in 12%. 17 Adverse events (including perforation, worsened bleeding, and congestive heart failure) occurred in 0.3 to 1.3% of patients. 17 Guidelines recommend that diverticular bleeding be treated endoscopically if stigmata of recent hemorrhage are present (e.g., active bleeding, nonbleeding visible vessel, or adherent clot) at colonoscopy ( Fig. 2A) . 3, 4 Mechanical therapy, with the use of endoscopic clips, is preferred for diverticular bleeding because clips reduce the theoretical risk of transmural colonic injury associated with contact thermal therapy (Fig. 2B) . Technological improvements allowing full rotation have made clips easier to use. 28 Colonic angioectasias, including radiation proctopathy, are common in the elderly, and although they usually manifest as mild overt rectal bleeding, they can manifest as severe hematochezia, especially in patients who are taking antithrombotic agents. 29 Argon plasma coagulation therapy is considered the treatment of choice for these lesions on the basis of ease of use, safety profile, and observations of increased hemoglobin levels and reduced blood-transfusion requirements associated with its use. 3, 4, 30 Endoscopic approaches to treating postpolypectomy bleeding include mechanical devices (clipping or band ligation) and contact thermal coagulation with or without dilute epinephrine injection. 3, 4 The use of clips may be preferred in order to limit tissue injury. 4 After endoscopic treatment, a tattoo or clip (if not already used for hemostasis) can be placed adjacent to any culprit lesion to assist in relocalization should rebleeding occur.
In patients with evidence of recurrent lower gastrointestinal bleeding, repeat colonoscopy (with endoscopic hemostasis, if indicated) should be considered. with supportive medical care, surgical care, or both.
Angiography and Endovascular Therapy
Angiography allows both bleeding-site localization (Fig. 3A) and therapeutic intervention. 24, 31, 32 However, angiography may be negative if the bleeding is slow (<0.5 ml per minute) or intermittent. Use of provocative angiography (e.g., involving heparin, nitroglycerin, urokinase, or tissue plasminogen activator) may increase the likelihood of identifying a bleeding site 33 but confers a risk of uncontrolled bleeding, and therefore this procedure should be performed only at selected experienced centers.
The goal of selective transcatheter endovascular therapy is to decrease arterial perfusion to the bleeding site, which facilitates healing of the injured vessel. Microcatheters (1.9 to 3.0 French) enable superselective embolization of arteries less than 1 mm in diameter, with the use of microcoils (Fig. 3B) , absorbable gelatin sponges, cyanoacrylate glue, or ethylene vinyl or polyvinyl alcohol. Case series show high rates of successful embolization (no further contrast extravasation) in lower gastrointestinal bleeding (73 to 100%); rates of clinical success (cessation of bleeding) range from 63 to 96%, with rebleeding rates of 11 to 50%. 24 In the absence of studies that directly compare the various embolic agents, the choice of agent is usually based on operator discretion and availability. Angiography with transcatheter embolization carries a risk of bowel ischemia (incidence, 1 to 4%) and should be reserved for patients with brisk, ongoing bleeding that is not amenable to or not effectively treated by endoscopic management. 24 Risk factors for bowel ischemia include particle embolization, an inability for superselective catheterization to be performed, and embolization of distal arteries more than 1 mm in diameter or Figure 1 (facing page) . Management Strategy for Acute Lower Gastrointestinal Bleeding.
Aspirin used for primary cardiovascular prophylaxis should be avoided in patients with lower gastrointesti nal bleeding. Aspirin used for secondary cardiovascular prophylaxis should be continued without interruption. The second, nonaspirin agent in dual antiplatelet therapy should be stopped temporarily, with resumption 1 to 7 days after the cessation of bleeding. Dual antiplatelet therapy should not be discontinued in the 30 days after coronary stenting or in the 90 days after an acute coro nary syndrome. Risk factors associated with a poor out come of lower gastrointestinal bleeding are listed in Table S1 in the Supplementary Appendix. Transfusion of packed red cells is recommended to maintain a hemo globin level of more than 7 g per deciliter; consider a transfusion threshold of 9 g per deciliter in patients with clinically significant coexisting conditions (espe cially ischemic cardiovascular disease) or if a delay in intervention is expected. A nasogastric tube may be con sidered to facilitate colonoscopy preparation in patients who cannot consume the colonoscopy preparation so lution and are at low risk for aspiration. A prokinetic antiemetic agent (e.g., metoclopramide) may also be considered, but the potential for associated adverse events (e.g., tardive dyskinesia) should be understood. A plus sign (+) indicates a positive test for bleeding, and a minus sign (−) indicates a negative test for bleed ing. CT denotes computed tomography, GI gastroin testinal, and IV intravenous. of arteries located proximal to the mesentery. (For details on procedures for the evaluation and treatment of acute lower gastrointestinal bleeding, see Table 2 .)
Surgery
Surgical consultation is indicated in patients with ongoing lower gastrointestinal bleeding in whom endoscopic and radiographic treatment has failed. 4 Localization of the bleeding lesion before surgical resection is critical to prevent the need for subtotal colectomy and to prevent recurrent bleeding after surgery, owing to a missed or incorrectly localized lesion. If the upper bowel and small bowel have been ruled out as the source of bleeding but the colonic location of bleeding cannot be identified, a subtotal colectomy may be appropriate. However, subtotal colectomy is associated with higher morbidity and mortality than segmental resection.
34,35
Antiplatelet Agents and Acute Lower Gastrointestinal Bleeding
Antiplatelet agents increase the risk of gastrointestinal bleeding; the risk of lower gastrointestinal bleeding is approximately three times that of upper gastrointestinal bleeding. 36, 37 Data on resuming aspirin in the context of gastrointestinal bleeding are derived almost exclusively from studies of peptic-ulcer bleeding. In a relatively small, randomized trial examining the continuation of low-dose aspirin after endoscopic therapy for peptic-ulcer bleeding among persons with known cardiovascular disease, the risk of death was significantly higher among those who discontinued aspirin than among those who continued; rates of rebleeding did not differ significantly between the groups. 38 A retrospective cohort study involving patients with lower gastrointestinal bleeding showed that those who continued aspirin after the bleeding event had significantly higher rates of recurrent lower gastrointestinal bleeding over the ensuing 5 years than nonusers of aspirin (18.9% vs. 6.9%) but significantly lower rates of serious cardiovascular events and death. 39 To minimize the risk of cardiovascular events, aspirin for secondary prophylaxis should not be interrupted in patients with acute lower gastrointestinal bleeding. 4, 39 However, low-dose aspirin for primary prophylaxis has been shown to result in only a limited reduction in the absolute risk of serious cardiovascular events or death and should generally be avoided in persons with a history of lower gastrointestinal bleeding. 40 Data are lacking to guide the care of patients who have a lower gastrointestinal bleeding event while receiving dual antiplatelet therapy. 41 Patients who have undergone stenting in the previous 30 days or who have had an acute coronary syndrome in the previous 90 days are at particularly high risk for myocardial infarction and death after discontinuation of dual antiplatelet therapy and thus are generally advised to continue taking both medications. 42 In patients who underwent coronary stenting or had a coronary syndrome less recently, discontinuation of the second antiplatelet agent is recommended for 1 to 7 days, because discontinuation of the second, nonaspirin antiplatelet agent appears to be associated with relatively low risk as long as aspirin therapy is not interrupted. 43 A r e a s of Uncerta int y Randomized trials are needed to better delineate the most effective timing of colonoscopy, the role of colonoscopy versus radiography as the initial diagnostic method, the choice among radiographic imaging studies, and the efficacy and safety of endoscopic hemostasis treatments (including topical powders, band ligation, over-thescope clips, and Doppler ultrasonography as an adjunct to endoscopic hemostasis) in lower gastrointestinal bleeding. [44] [45] [46] [47] The efficacy of conebeam CT technology as an adjunctive diagnostic method in selective angiography and the embolic agent of choice in endovascular therapy are unclear. 48 In addition, better risk-stratification tools are needed to improve the triage of patients with lower gastrointestinal bleeding.
Guidelines
Guidelines for the evaluation and management of acute lower gastrointestinal bleeding and severe hematochezia have been published by U.S. professional societies of gastroenterologists and radiologists. 3, 4, 24 The recommendations in this article are generally concordant with these guidelines.
Conclusions a nd R ecommendations
Diverticular hemorrhage is the most likely cause of the acute lower gastrointestinal bleeding in the patient described in the vignette. This patient † Because a finding of major stigmata of hemorrhage on a single diverticulum at the time of colonoscopy is uncommon, the diagnosis of di verticular bleeding is often considered presumptive rather than definitive. The diagnosis of presumptive diverticular bleeding requires only the presence of colonic diverticula, with no other obvious endoscopic cause of lower gastrointestinal bleeding identified. is at increased risk for a poor outcome owing to her advanced age, coexisting conditions, hemodynamic instability at presentation, fresh blood on rectal examination, and use of dual antiplatelet therapy. Volume resuscitation with crystalloid fluids should be initiated immediately. The hemoglobin level should be reevaluated after hemodynamic resuscitation to assess the need for transfusion. If hemodynamic stability is achieved, the patient should undergo colonoscopy within 24 hours after presentation, after adequate colon preparation. Given her initial hemodynamic instability and use of dual antiplatelet therapy, upper endoscopy should be performed immediately before colonoscopy to rule out an upper gastrointestinal source of bleeding. Endoscopic hemostasis therapy may be applied if a definitive bleeding lesion is identified. If the patient has ongoing bleeding or an inadequate hemodynamic response to fluid resuscitation and cannot undergo colonoscopy, we would perform radiographic evaluation, initially using multidetector CT angiography and then angiography and embolization if indicated. Her low-dose aspirin should be continued without interruption. Because the patient's coronary stent was placed more than 30 days ago, we would stop clopidogrel temporarily and resume its use 1 to 7 days after the cessation of bleeding.
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